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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the problem of 
lowering of the resistance value of a ferromagnetic 
tunnel junction element, an AI203 film which will serve 
as a barrier layer needs to be formed very thin, 
specifically 1 nm or smaller, however the very thin AI203 
film actually reduces the resistance value of the 
element, and at the same time, will reduce the rate of 
change in the magnetic resistance. 
SOLUTION: In this ferromagnetic tunnel junction 
element, having the barrier layer 14 between a first 
ferromagnetic layer 13 and a second ferromagnetic layer . 
1 5, the barrier layer is constituted of an insulator which 
is made of a single element. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ferromagnetic tunnel junction component characterized by being the insulator with which 
said barrier layer consists of a single element in the ferromagnetic tunnel junction component which has 
a barrier layer between the 1st ferromagnetic layer and the 2nd ferromagnetic layer at least. 
[Claim 2] Said insulator is a ferromagnetic tunnel junction component according to claim 1 
characterized by containing an impurity. 

[Claim 3] Said insulator is a ferromagnetic tunnel junction component according to claim 1 or 2 
characterized by being either of diamond[ silicon, a diamond, and ]-like carbon. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ferromagnetic tunnel junction component suitable 
for the magnetic head for playback and high density MAG memory (MRAM) in a high density magnetic 
disk drive. 
[0002] 

[Description of the Prior Art] Since a ferromagnetic tunnel junction component has the structure whose 
barrier layer which consists of a very thin insulator was pinched between two ferromagnetic layers and 
high magnetic-reluctance rate of change is shown, the possibility of the application to the magnetic head 
or magnetic memory is increasing. 

[0003] As an example of representation which has reported such a ferromagnetic tunnel junction 
component, there are "Journal of Applied Physics, Vol.79, P.4724" and aluminum203 film is used as an 
insulator used as a barrier layer. 

[0004] Although many oxides and nitrides are reported as a barrier layer until now, only 20aluminum3 
film shows high magnetic-reluctance rate of change. Moreover, also when 20aluminum3 film is used as 
a barrier layer, it is reported that magnetic-reluctance rate of change is greatly influenced according to 
the membrane formation approach and membrane formation conditions, and while many approaches of 
mainly oxidizing aluminum film in the oxygen plasma are used, by current, magnetic-reluctance rate of 
change is improved by heat-treating after creation of a ferromagnetic tunnel junction component further. 

[0005] 

[Problem(s) to be Solved by the Invention] Although it is necessary to make the resistance of a 
component to some extent low in order to apply a ferromagnetic tunnel junction component to devices, 
such as the magnetic head and magnetic memory, and to reduce the effect of thermal noise, it is 
necessary to form 20aluminum3 film which serves as a barrier layer for that purpose by very thin 
thickness 1 nm or less. 

[0006] However, when 20aluminum3 film used as a barrier layer was made thin in this way, although 
resistance fell, magnetic-reluctance rate of change also had the problem of deteriorating in coincidence. 
This is considered to originate in the formation approach of 20aluminum3 film which mainly serves as 
a barrier layer. That is, since the active oxygen of ion or a radical condition is used for oxidization of 
aluminum film by the approach of oxidizing very thin aluminum film lnmor less in the oxygen plasma, 
it is difficult to oxidize only thin aluminum film alternatively. For example, possibility that the 
ferromagnetic layer front face which touches a barrier layer will also oxidize partially if it is fully going 
to oxidize aluminum film is high, and on the other hand, if it is going to avoid oxidization of a 
ferromagnetic layer, oxidizing [ of aluminum film ] will become inadequate. 

[0007] The purpose of this invention solves the technical problem of such a conventional technique, and 
is to offer the ferromagnetic tunnel junction component which has resistance required for practical use, 
and magnetic-reluctance rate of change. 
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[0008] 

[Means for Solving the Problem] This invention is made in order to attain the above-mentioned purpose, 
and the 1st invention is characterized by being the insulator with which said barrier layer consists of a 
single element in the ferromagnetic tunnel junction component which has a barrier layer between the 1st 
ferromagnetic layer and the 2nd ferromagnetic layer at least. 

[0009] Furthermore, the 2nd invention is characterized by said insulator containing an impurity. 
[0010] Moreover, the 3rd invention is characterized by said insulator being either of diamond[ silicon, a 
diamond, and ]-like carbon. 
[0011] 

[Embodiment of the Invention] Hereafter, an example 1 and an example 2 are mentioned as an example, 
and this invention is explained to a detail. 

[0012] The example 1 about the ferromagnetic tunnel junction component of <example 1> this invention 
is explained with reference to a drawing. 

[0013] The structure of the ferromagnetic tunnel junction component 1 of the example 1 of this 
invention is shown in drawing 1 . As shown in drawing 1 , the 1st ferromagnetic layer 13, the barrier 
layer 14, and the 2nd ferromagnetic layer 15 are formed through the 1st wiring layer 12 on a substrate 
11, and the 2nd wiring layer 17 is formed through the insulating layer 16 on it. 
[0014] The creation approach of such a ferromagnetic tunnel junction component 1 is shown below. 
[0015] The 2nd ferromagnetic layer 15 which consists of CoFe film of 14 or 20nm thickness of barrier 
layers which consists of Si film of 1st 13 or lnm thickness of ferromagnetic layers which consists of Fe 
film of the 1st 12 or lOnm thickness of wiring layers which consists of aluminum film of 50nm 
thickness was continuously formed within RF magnetron sputtering equipment on the Si substrate 1 1 
which oxidized the front face thermally. Spatter conditions are Ar pressure =5mTorr and high-frequency 
power =200W (the diameter of a target = 4 inches). 

[0016] After forming aluminum film of lnm thickness instead of the above-mentioned Si film used as 
the barrier layer 14 for a comparison, the multilayers which oxidized aluminum film by the oxygen 
plasma in the same vacuum, and were used as 20aluminum3 film were also created. 
[0017] Next, the above-mentioned multilayers were processed into the lower wiring configuration using 
a usual photolithography technique and a usual ion milling technique. Furthermore, the resist pattern for 
specifying a junction dimension was formed on the 2nd ferromagnetic layer 15, and ion milling was 
carried out to the 1st ferromagnetic layer 13. After forming the insulating layer 16 which consists of 
Si02 film of 300nm thickness, with this resist left with high frequency magnetron sputtering equipment, 
lift off of a resist was performed. 

[0018] Next, after forming the 2nd wiring layer 17 which consists of aluminum film of 200nm thickness 
with RF magnetron sputtering equipment, up wiring was formed using a usual photolithography 
technique and a usual RIE technique, and the ferromagnetic tunnel junction component 1 was 
completed. 

[0019] Thus, when the magnetic-reluctance rate of change of the formed ferromagnetic tunnel junction 
component 1 was measured and Si (silicon) film was used as a barrier layer, bigger magnetic-reluctance 
rate of change than the case where 20aluminum3 film is used as a barrier layer, and a low bond 
resistance were obtained. This shows that the direction of Si (silicon) film becomes uniform [ an 
interface with a barrier layer ] from 20aluminum3 film, without a ferromagnetic layer oxidizing. 
[0020] In the above-mentioned example, although Si (silicon) film was used as a barrier layer 14, you 
may be the diamond film or diamond-like carbon (DLC) film which consists of a carbon element. 
[0021] The example 2 about the ferromagnetic tunnel junction component of <example 2> this invention 
is explained. In this example, after forming Si (silicon) film of an example 1, minute amount addition of 
the P is carried out with ion implantation equipment. Other than this, it is alike, therefore is the same as 
that of an example 1. 

[0022] As compared with the example 1, magnetic-reluctance rate of change of the ferromagnetic tunnel 
junction component formed by this example improved, and the bond resistance became low. This result 
is because impurity level was formed into Si (silicon) film, consequently the resonance phenomenon 
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arose by carrying out minute amount addition of the P into Si (silicon) film used as a barrier layer. 
[0023] In this example, although minute amount addition of the P was carried out, minute amount 
addition of the As etc. may be carried out besides it. 

[0024] Moreover, you may be the diamond film and the DLC film as a barrier layer like an example 1 in 
addition to Si (silicon) film. 

[0025] Moreover, in the above-mentioned examples 1 and 2, although the ferromagnetic tunnel junction 
component consists of two ferromagnetic layers and barrier layers, it is clear that the policy of fixing the 
magnetization direction of the ferromagnetic layer of one side by switched connection with an 
antiferromagnetism layer on the occasion of the application to the magnetic head or magnetic memory is 
the need. 
[0026] 

[Effect of the Invention] A bond resistance can be made low, without according to this invention, 
becoming possible to form the interface of a barrier layer and a ferromagnetic layer in homogeneity, and 
reducing magnetic-reluctance rate of change, even when a barrier layer is very thin. Furthermore, 
installation of impurity level is attained again and the property of a ferromagnetic tunnel junction 
component can be improved. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is structural drawing of the ferromagnetic tunnel junction component of the example 1 of 
this invention. 
[Description of Notations] 

I Ferromagnetic Tunnel Junction Component 

I I Substrate 

12 1st Wiring Layer 

13 1st Ferromagnetic Layer 

14 Barrier Layer 

1 5 2nd Ferromagnetic Layer 

16 Insulating Layer 

17 2nd Wiring Layer 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/25/2005 



(19)B*BM*W? (JP) 02) & |H 4# Vf & $g (A) (ll)fcffttUB&B8#^ 

#$§2001-168417 
(P2001-168417A) 

(43)&W B ¥JS13^ 6 £22 B (2001. 6. 22) 



(51)IntCl. T 




F I f-73-F*(##) 


H0 1L 43/08 




HO 1 L 43/08 Z 5 D 0 3 4 


G 1 1 B 5/39 




G11B 5/39 






SSflsfi *H:£ W**<o»3 OL (£3 H) 


(21)ffiR## 


IflPPH -351049 


(71)|flBA 000005049 








(22)fflglB 


¥ricll¥12^ 10 B (1999. 12. 10) 


*Be0*KTPra«»KfimiBr22S22« 






(72)5!^# an 






*^*RT|rW«lfrK£»Br22#224| ■> 












(72)55W« 3148 iEB! 






AI®»AIE*pigf&l?K^«iBT22»22^ -> 












(74)«31A 100103296 















(54) aaeh>^sp&*^ 



(57) [gift] 

im&m » i cD^at*^ i 3 iifi2o&aBffii 1 
am. 




[#f¥IS*©«5H] 

im*m 1] >Ptl < t $>m 1 ©StUffiS.!:?^ ©3SIK 

©Rate/* y 7m*mt z&mn. h >*^s^^k: 
tot,>r. 

^i-TSIS^ 1 IBtS©$£fi814 h >*JHg£3&T-. 
[111*13 ] B9gBffi^«. S/'J3>. y-fT*> 
K. ^-f Tt^ F7 ?*-#>©^-f h*>t?*5C i 10 
t T Slt^H 1 £tclZ2 IBt8©&Satt h > * A« 

[000 1] 

(mr am) ecaufc«?»tth>*^e^jR^(cM-rs 
fc©r£>£,, 

[0002] 

[ft*©fcffi] 3«»ttt>*A«^*-?B. ro©^iS 20 

tsw©iHK*«cc»t»iftiw**»€>itc*^ y riiD^fc* 

K-¥>fi8aj<*y^©j£ffl©Rlfi6tt3WK*ori,>4. 
[0003] c ©<fc 5 fc&SBtt h >*;H£^*?-£«£ 
It^SttSMil/t. rjournal of Ap 
plied Physics. Vol. 79, P. 47 
24J#*9. ^'JTliftStfcRftil/TAl.O.I 

[0 004] ^$-CK;\-'J 7Ii < CDKt^S 
<t*»*««e34vCH4*». Wt»Ba»8E»aE{b**5«-© 30 

wa i ,o,R©*r*5„ ^yrJiiL-CAi, 
>*)vm&m*<D{ / ?m£u:tmm*ft'jc tic**), m 

[0005] 

«. fm%<D&wzom-r sfc#«:mT-©ffiet<B£* s 
g^<g< -r-S!^s^*5*i. ^©/cfetcti^' y mi** 

SAl.O.^ln m«T©I^CC»C^/l^fiS-r * 

[0 00 6] LfrLK&h, ^VrmtUZA 1 .CJg 
«C<DJ:9CCV<-r Si. SKfii«T*ss^©©fi8^ffi 

±*c/<yr»4tt*A i,o,gl©»i«*ttK:itgHr*4 
^jtfcti*. 1 nm«T©#««:«,>Al« 



#M200 1 - 1 684 1 7 
2 

*tt*DS14BI**A 1 )S©»jfcCCfflC»S©-C. SUA 
lM©#£jS!RftK®fb*£C£«Bitr*£„ «*. 
«.' A 1 II3:+#K:$Hbb <£5 '-"J7JICC& 

*«H9»«»mi:*h»oj:s &■*-<&£. aim© 
[0007] ^mnomma. c©* 9&«e*r«©i* 

[0008] 

[ISS*fiSfc-rS;fc«>©#&] **»H;t. -kiBSKSrii 
fiJWSfc»K£3tlfcfc©-C*o-C, iff 1 f&IHii. 

<ifcf 1 ©SSifiattJi &ft 2 ©»fittl4JB©iffl«:M y r m 

[000 9] 3-6K. *2Mitt. iJiBifciSttB:, **fi 
WZSm? Z C t *%fW.t ? £ i><D~C$>2>. 

[0010] jffa&Htt. friBi^m*. ->y=> 
ti^r * £ c i fc^a t -f £ t> ©r * £ . 

[0 0 1 1 ] 

Wc*tf. *aWR:o«,»-c«IB«:«i9i-r*. 
[0012] <mMW 1 >2tc^©»Ktt h 

[ 0 0 1 3 ] B 1 *C*«B<0SE*« 1 ©^tt h >^;U 

1 ©«jg*7nf . a 1 tc^-r i 5k. s« 1 1 

±Km 1 ©1B*£UI 1 2 «h LXm 1 ©^JSttH 13. ^* 

yrei4. m2<D^mm\ 5«sn. -e-©±tc 

Kill 6=&/M,-r^2©lS^ai 7&Bl8.2tiX^ 

[0014] C©J: 5 ttttttg h 1 ©ff 

[0015] iS^ifiv nhn>^< v * gEBrt-CSIM 
^SEfbbfcS il^l 1 ±(C5 0nmI(DA 1 
3tcS^l©i8»Jil 2, lOnmfCFel^JlSI 
l©&aSttJ113. lnmlOSii^&S^VTl 
14. 2 0 nmJl©C oF eM*^>3:^2©^ei4)l 

5mTo r r. SJi&m;*) = 2 0 0 W ($-y-^ hS = 

[0016] ib$5©fc«f). 'J T)S 1 4 <b%4±iBS i 
moKt> I) CC. In mil©A 1 

^XvKiO A 1 l^tltA 1 ,0 3 Jg 

[00 17] iXK. ii^©7* h'jyy?7 iWfcbA 
3}->5 y>^aw*w»r. _hiB©£Jiig£Tgl5iBiS»f* 
««:fiDXLfc„ S6(c, ^2©aittii5lK:^t 



(3) 



2 0 0 1 - 1 684 1 7 



m&&mi 3sr-r*>5 y>^Lfc. c©t^*i>* 

[00 18]*K; 2 0 0 nmJf©A 1 Jga>6&53l 2 
U/cfg. mi$<?>7* h ';v«7 .f8H5<tR I E JSffi* 

[00 19] C©£-5«:i/TJBJ5Xl/fc33iB&tt h>*H<Jg 

ISi LX A 1 , CH*^ Ltc®GJ; 0 *>*£fca^?ttg 

[0020] ±fe©fyswt*a>-a;t, /< >)rmi4t 
oxs i mztimistcfr, vm^frhft. 20 

(DLC) Jg-Cfcotfefltfefcl,*. 

[002 1 ] <*5S^92 >*^Bj©K«tt h 

^xismmmi os i (->yn» M^fSfgccp^-c 

[0022] **JS««J-CffJfiKL/c9i!att h>*;Hg£X 
£ffisin«ffi < ft o fc„ C (DMSS, '< T Jl £ ft £ S i 30 



[002 3] ^SSfllfCte^T^ P^S^flDL-/c 
[0 02 4] g*c. HiS^l i H«CC, A'JTliU 

s i m&L9Hc#4-Y*> ki-?>dlck-c 

$>r,xi>Wtt>ft<<\ 

[0025] *fc, ±IB©^mfc£t>*2«c*s<,>-C. 
&satt h > * ;Hg^^^-« ~ ©ssettJi t /< y tji i 

©£&*s^-c@£-r z>m<Dim.tfi>jmft c <t «w 

[002 6] 

[%HJ©^m] *2SHJ«:<fcft«. /<yr)B*«*»«:W»,> 

^•cfc. ^•■jTJii?£iSffii©^S4^i-«:0fiS;'r?> 

%m&.<DmA&*}t£ t ft 9 . h > * 

[0H©1B»&SyP§] 

[0 1 ] *&W<D^mM 1 ©3£8&tt h >*;H££ffl^© 

m&wx&z. 



i 

i i 

1 2 
1 3 
1 4 
1 5 
1 6 
1 7 



SfU©K8Ul 
f& 1 C9tttttJI 
M y t@ 

sr2©aHKtt» 
^2©ie«gg 



[HI ] 



17 



(72)^# ft 5fffl F*-A(#*> 5D034 BA03 BA15 



